The pharmacokinetic parameters of gentamicin and tobramycin were evaluated and compared for 260 patients with pleural effusions and 1,049 patients without pleural effusions by chest radiograph. Pharmacokinetic data were collected prospectively and analyzed by using our aminoglycoside data base. Univariate analysis revealed that the patients with pleural effusions demonstrated significantly lower serum albumin concentrations, greater aminoglycoside volumes of distribution, longer elimination half-lives, and lower peak and higher trough concentrations in serum than the patients without pleural effusions. Patients with pleural effusions were significantly older and had lower total body weight. Stepwise multiple linear regression analysis revealed that lower total body weight and serum albumin concentration, presence of pleural effusion, and greater age were associated with significantly greater volumes of distribution. Calculated creatinine clearance, age, total body weight, and shock were associated with reduced aminoglycoside clearance in these patients.
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Despite the increased availability of extended-spectrum beta-lactam and fluorinated quinolone antimicrobial agents, the aminoglycosides remain an important group of antibiotics in the treatment of severe gram-negative infections (6) . Individualization of aminoglycoside dosing by determining serum drug concentrations has been employed as a means of maximizing efficacy while minimizing drug toxicity (2, 13, 15) . Over the past few years, however, several disease states and clinical conditions have been demonstrated to alter aminoglycoside pharmacokinetics from normally accepted parameters (4, 7, 14, (19) (20) (21) (22) . Several authors have demonstrated that these highly polar compounds are capable of penetrating the pleural cavity and can be detected in pleural fluid (8, 9) . It is possible that patients with pleural effusions possess altered pharmacokinetic parameters for aminoglycosides. The purpose of our investigation was to assess and describe the pharmacokinetics of these agents for two discrete adult populations: patients with pleural effusions demonstrable by chest radiograph and patients without pleural effusions by chest radiograph. In addition, since hypoalbuminemia has been shown to affect aminoglycoside pharmacokinetics (20) , the serum albumin concentrations for these patients were examined to determine whether this nutritional deficiency was an important cofactor or whether pharmacokinetic alterations exist for patients with hypoalbuminemia.
This investigation utilized data which were collected prospectively by the Clinical Pharmacy Service of The Mary Imogene Bassett Hospital from January 1983 through August 1991. Patients eligible for the study included all adult patients (ages 18 years or older) who received either gentamicin or tobramycin and who had no pathophysiology (aside from impaired renal function) known to alter aminoglycoside pharmacokinetics (4, 11, 19, 21, 22 [5] ), the presence or absence of pleural effusions by chest radiograph (as read by a board-certified radiologist), and the presence or absence of shock. Shock was defined as either a systolic blood pressure of less than 80 mm Hg with a urine output of less than 500 ml/24 h or a decrease in the systolic blood pressure of greater than 50 mm Hg when the final systolic blood pressure was less than 100 mm Hg.
Within 72 h of the initiation of treatment with the antibiotic, aminoglycoside pharmacokinetic parameters were determined by the method of Sawchuck and Zaske (18) by utilizing a 30-min infusion and a three-or four-point determination. Blood for analysis of serum aminoglycoside concentration was obtained predose, and two or three additional samples were obtained after the infusion. Serum aminoglycoside concentration data were analyzed by a one-compartment, intravenous-infusion pharmacokinetic model (12) . Serum aminoglycoside concentrations were adjusted to obtain 1-h peak concentrations (1 h after the beginning of the infusion) of 5 to 10 mg/liter and trough concentrations of less than 2 mg/liter, regardless of dosing interval.
Serum aminoglycoside concentrations were determined by the fluorescence polarization immunoassay technique. Between-run coefficients of variation for gentamicin at concentrations of 1.0, 4.0, and 8.0 mg/liter were 2.2, 1.5, and 0.9%, respectively, while those for tobramycin at the same concentrations were 1.8, 1.9, and 1.2%, respectively (1) .
The data were analyzed on a Microvax II computer system by using version 5 of SAS (SAS Institute) (17 [5] ).
which would be identified prior to pharmacokinetic analysis, were included as independent variables in the multiple linear regression analysis. In addition, estimated creatinine clearance, although not significant by univariate analysis, was placed in the regression equation for aminoglycoside total body clearance, since aminoglycoside pharmacokinetics are known to be correlated to a degree with creatinine clearance. Interaction terms were used to determine whether significant interactions between the independent variables occurred. All continuous variables are expressed as the mean ± standard deviation. AP value of c0.05 was considered to be significant for all statistical tests.
A total of 1,309 patients were monitored over the specified time period and were eligible for inclusion in the study. A total of 260 patients had radiographically identifiable pleural effusions, while the remaining 1,049 patients demonstrated no evidence of effusion. Of the 260 patients with pleural effusions, 50 met the definition for shock, while 66 of the 1,049 patients without pleural effusions met the definition for shock (P < 0.0001). Table 1 summarizes the demographic and pharmacokinetic parameters of the patients. Patients with pleural effusions by radiograph had total body weights significantly lower than those of patients without pleural effusions and were significantly older. Patients with pleural effusions also had significantly lower serum albumin concentrations, greater volumes of distribution, longer elimination half-lives, lower initial peak concentrations, and higher initial trough concentrations, compared with the control population.
Univariate analysis failed to demonstrate significant differences in gender, dose of aminoglycoside administered, ideal body weight, initial aminoglycoside dose, initial calculated creatinine clearance, or initial total body clearance of drug between patients with and patients without pleural effusions by chest radiograph.
Stepwise multiple linear regression analysis revealed that four variables were associated with an increased volume of distribution: increasing age, decreasing serum albumin concentration, total body weight, and the presence of pleural effusion by chest radiograph (Table 2) . Multiple linear regression analysis failed to demonstrate any effect of pleural effusion on total body clearance of aminoglycoside (Table 3) . Calculated creatinine clearance and total body weight were directly associated with aminoglycoside total body clearance, while age and shock were indirectly associated with total body clearance. No interaction terms were statistically significant.
It has been noted that several clinical conditions are associated with an increased volume of distribution for aminoglycoside antibiotics (11, 14, 19, 20, 22) . Our investigation has demonstrated that patients with pleural effusions by chest radiograph have larger volumes of distribution resulting in significantly diminished peak drug concentrations in serum, compared with control patients. Therefore, the presence of pleural effusions in a patient may necessitate the use of relatively large aminoglycoside doses to achieve (20) . However, the increased volume of distribution associated with advancing age for our patients with pleural effusions is in direct contrast to findings for the pediatric population (16) . On the basis of body composition changes, one might expect that volume of distribution would decrease with increasing age because of a reduction in total body water (10) . It is possible that the elderly patients studied had an increase in total body water as the result of congestive heart failure or other disease states that resulted in the development of pleural effusions and larger volumes of distribution.
The total body clearances of aminoglycosides were not found to differ significantly between patients with pleural effusions or hypoalbuminemia and controls (P > 0.4).
In summary, we evaluated aminoglycoside pharmacokinetics for two adult populations: patients with pleural effusions and patients without pleural effusions by chest radiograph. Even though no significant difference in total body clearance between the two groups was observed, patients with pleural effusions, lower total body weights, advanced ages, and lower serum albumin concentrations demonstrated significantly greater aminoglycoside volumes of distribution and, thus, longer elimination half-lives. These alterations in pharmacokinetic parameters resulted in lower peak and higher trough serum drug concentrations for patients with pleural effusions or hypoalbuminemia, compared with controls. Therefore, individualized pharmacokinetic monitoring is recommended in order to optimize aminoglycoside therapy for these patients.
